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Electronic component comprising an electrically conductive relief structure and a method of 
manufacturing a relief structure on an electrically isolating substrate. 

EPO - DG 1 
;i a 09. 7999 



The inven tion rel ates to [preamble claim 1 ], 



The invention further relates to [preamble claim 9]. 



^5 Such a component and such a method are known from US-A- 5,561,030. The 

relief stmcture of the component consists of a ntunber of tracks and is placed on a planar 
substrate. The salts of poly(substituted thiophenes) known for use as track material are salts of 
poly-3-alkylthiophenes, of poly-3-alkoxythiophenes and of poly-3,4-dialkoxythiophenes. In 
the known method the tracks of the relief structure are used as intercotmects and as resistors. 
10 In the known method a poIy(substituted tihdophene) is applied as a layer on a substrate. After 
irradiating the layer, the unirradiated areas of the applied layer are removed by washing, 
leaving tracks behind and forming a relief stmcture. The salt of the poly(substituted thiophene) 
is formed by oxidation with an iron- or a gold salt after the washing step, thereby making the 
relief stmcture electrically conductive. 
15 The known component has, however, disadvantages: a first disadvantage is that 

the conductivity of the tracks in the relief stmcture deteriorates within a day, except when 
using a gold salt as the oxidant. This oxidant is, however, expensive. So, either the component 
is not stable enough for commercial use, or the costs of its manufacture are high. A second 
disadvantage is that the tracks are as wide as 1 nam, except if the complicated technique of 
20 laser Uthography is used. The track length and the distance between tracks is not mentioned, 
but will be in the same order of magnitude. A component with such dimensions has a size too 
large for appUcations in identification tags. Their production is too expensive as well, as the 

pioductiQn_costsjQtaxomponent.are_inv.ersely_i©lated.to_the.n^ . 

production batch. 

25 



It is an object of the present invention, inter alia, to provide a component of the 
kind described in the opening paragraph, which has a stable conductivity. It is a further object 



^Hl^ ^^^^ 

to provide a method of the kind mentioned in the opening paragraph, which allows the 
manufacture of small tracks with a stable conductivity at low costs. 

The object to provide an electronic component is achieved by a component as 
specified in the opening paragraph, characterized in that: 
5 the relief structure«eontaiii_s»a. salt,pfr»a,ppl3^t3,4.alli^lenedij@X3(^ whichtthe alkylene 

group is chosen fromxthe»grQ.up»eonsisting«@f'an«opti©nallyi#i:to Gii-all^lrvor phenyl • 
substituted methylene group, an optionally Ci to C^-alkyl- or phenyl substituted 1,2-ethylene 
group, a 1,3-propylene group and a 1,2-cyclohexylene group and 
the relief structure comprises at least one electrode. 
10 The stable conductivity of the component aimed at is achieved due to the choice 

of an electrically conductive salt of a specific group of poly(3,4-substituted thiophenes), 
hereinafter also called PEDOTs. The optional alkyl substitution is limited to an Ci to C12- 
alkylgroup, as a larger alkyl group reduces the processability of the PEDOT too much. The 
structure containing a PEDGT salt may comprise interconnects and resistors, apart from one or 
1 5 more electrodes. The'eleetsrodesi^an. for example^be«>part?vOf 'a-diode**a bipstolransistor, or a 
field effectti:ansistor*cA ©leaaadsipitageAof a comp0nent%with*!aii«eleetricall# conductive reUef 
structure comprising* avsalt*0f«a*Bia!)©Tts theiexeellenttstabiaity ofithe>reU^f«Sitructure and of 
the material«on bringingtJhe.stFiiGture»in eontac.t*with6for.instancejpjgairic<gi^^^ 
solvents, polymaic meltssor deposited»vap0rs?'Contraiy4'to^rclie&stm<^^ 
20 polyaniline, relieftstiruetures«eontainingsg>Bm©iEysalttarefncither*subje^^^ nor to 

deterioration of their conductivity in basic solutions. 

A layer on a substrate surface, which comprises a pattern of an electrically 
conductive PEDOT, is known from US-A 5,447,824. This layer comprises conductive areas 
and less conductive areas. However, leakage currents taking place through the less conductive 
25 areas obstruct the use of the conductive areas as electrodes. 

The component with an electrically conductive relief structure of a salt of 
PEDOT can^be realized»using'e.g. state-of-the-art printii%Cechi^ inkjet or 

silkscteen printing. Lithographic techniques can alternatively be used, especially for the 
manufacture of ti:acks*withfielatiively*small ti^k widths^andtrelatiively smBlUdistances between 



30 tracks. 

In an embodiment of the component of the invention, the relief structure 
comprises neighboring tracks at a distance of less than 10 pm. Such neighboring ti^ks can for 
example be used as leads carrying input or output signals or as electrodes. In a field effect 
transistor such tracks can function as a pair of a source and a drain electrode. If the area 
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between the electrodes is filled with semiconductor material, the area functions as a channel. 
The distance between the neighboring tracks defines the channel length cL. As known fiom 
Brown etal., Synthetic Metals 88(1997), 37-55, a small channel length leads to a large source- 
drain current and a high on-off ratio in the transistor. 
5 In a preferred embodiment of the component of the invention, the neighboring 

tracks are able to function as a pair of a source and a drain electrode. At least one of the tracks 

i s fork s haped having more than one prong , whil e the e l e ctro de s a r e i ntexd i gitate ^. The s e 

electrodes are positioned so as to enlarge the area of mutual exposure. This embodiment 
enlarges the source-drain current at a chosen drain voltage and thereby the on/off ratio. 
10 In another embodiment of the electronic component of the invention, the 

^ component comprises, separated firom the said - first - relief structure at least by an insulating 
layer, a second relief structure of an electrically conductive material. The second relief 
structure prevents leakage currents between tracks in use as interconnects and between tracks 
in use as electrodes in different transistors, diodes and capacitors. 
15 In a preferred embodiment the second relief structure also comprises a salt of a 

PEDOT. 

In a further embodiment, the component of the invention comprises a field- 
effect transistor. Such a transistor contains a source and a drain electrode, which are 
interconnected through a channel comprising a semiconducting material. It further comprises a 
20 gate electrode, which is separated from the source and the drain electrode by at least an 

insulating layer. In this embodiment one relief stracture of the component contains the source 
and the drain electrode. Preferably these electrodes interdigitate in order to enlarge the channel 
width. Another relief structure contains the gate electrode. At least one of said relief structures 
is the relief stmcture comprising a salt of a PEDOT. The other, second electrically conductive 
25 relief structure comprises a salt of a PEDOT, a polyaniline, silicium or a metal such as gold. 
As is known in the art of transistor fabrication, different designs are possible, such as a •top- 
gate' -design and a *bottom-gate*-design. 

In another embodiment of the component of the invention, the salt of the 
^PEDOT^is-a-polyaGidsalt.-Poly(styrene-sulphoiuc-acid)-is-iised-as-the.pol^ 



30 In a further embodiment, not only the first relief structure, but the complete 

component substantially consists of polymeric material. Such an "all-polymeric" device has 
favorable properties, such as a high mechanical flexibility and a low weight. Besides, the 
component is cheap and hazardous substances may easily be avoided during its manufacture. 



Polymeric materials for the semiconductor layer are known from WO-A 
99/10939. Examples include polypyrroles, polyphenylenes, polythiophenes, polyphenylene- 
vinylenes, polythienylene-vinylenes, poly(di)acetylenes, polyfuranes, polyfuranylenes- 
vinylenes and polyanilines. Alternatively, substituted derivatives of these polymers are 
5 applied. Examples of substituents are alkyl- and(alkpxy-gr€(upsT^and*ringo.shaped groups, such 
as alkylenedioxyTgroups; By*^preference?rtthe substituent^^groups have>a-6arbon chain of I to 10 
carbon atoms. As known by those skilled in the art, such materials may be rendered 
semiconducting by.doping with e.g. an oxidizing, agent,-a reducing.agent.and/vor an acid. A 
preferred choice is polythienylene-vinylene, 

10 Polymeric materials for the insulating layer are known from US-A- 5,347,144. 

Examples include polyvinylphenol, polyvinyl alcohol and cyanoethylpullane. Preferably an 
insulating material with a dielectric constant of at least six is used, such as polyvinylphenol, 
which can be rendered insoluble by cross-linking with a cross-linking agent such as 
hexamethoxymethylenemelamine and heating. 

15 Substrate materials are e.g. polymeFSs^as for instanee polyst%yrene?r^polyimide, 

poly amide and polyester, or glasst«ceramics or silioai' . 

The object relating^to the method-'iS aGhieved5»in that^[tfi8*Qharacterizing portion 

of claim 9]. 

The object relating tp the methcfd^contains^three^elements^the manufacture of 
20 tracks with stable conductivity, the manuf aetura*of-eomponents«wittesmalli^raeks*and 

manufacturing at low costs. The stable conductivity is realized in that the composition used in 
the method according to the invention comprises a salt of a PEDOT. Such a composition is 
commercially available, but it was not known to be applicable in the manufacturing of 
electrically conductive reUef structures. US-A 5,300,575 teaches the use of this composition to 
25 provide an anti static layer only. 

The small tracks can be achieved by the use of a salt of a PEDOT containing a 
polyacid anion as counterion, hereinafter also refgrrga^tt) Ss a polyacid'-s^alt: This polyacid salt 
substantially enhances the processabiUty of the PEDOT. As a polyacid is soluble in polar 
solvents sucbte water?ithe polyacid^salt of the PEDOa: is also more or less«soluble in water or 



30 at least miscible with water. By iiraffiietting a layer of a polxaeid salt|£)f^PE]§E>T with UV- 
radiation according to a desired pattern and subsequently re-dissolving the salt, relief 
stmctures with track widths and channel lengths of 10 ^un can be achieved. In the art of plastic 
electronics such tracks may be called small. 
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The manufacturing at low costs is realized in that it is not necessary to use resist 
layers and that water can be used as a solvent. 

Examples of polyacids include poly(styrene sulphonic acid), polyacrylic acid, 
polymethacrylic acid, poly(vinyl sulphonic acid), poly(vinyl sulphuric acid), poly(vinyl boric 
acid), poly(styrene boric acid), poly( vinyl phosphoric acid), and poly(styrene phosphoric 
acid). 

In the method of the invention the radiation-senRitivpt layf»r ca n be appl ie d o n a 

substrate by spincoating, webcoating or electrical deposition of a solution or dispersion and 
subsequently removing the solvent or dispersion agent. For the irradiation use can be made of 
UV-radiation and a photomask, or of laser hght, electron. X-ray or ion beaxns. Irradiation 
influences the initiator present, such as the azide 4,4*-diazidobenzalactone-2,2'-disulphonic 
acid disodium salt. This initiator is assumed to initiate cross-linking between polymeric 
molecules present in the radiation-sensitive layer. The removal of the unirradiated areas during 
the washing can be enhanced in a spray process. 

In a preferred embodiment of the method of the invention, the composition 
comprising the polyacid salt of the PEDOT is filtrated before application on the substrate. 
Preferably, a filter having pores with a diameter of 5 [un or less is used in the filtration. The 
filtration prevents the eventual presence of particles larger than the widths of the tracks 
formed. 



20 



The invention will be explained by means of exemplary embodiments and the 
accompanying drawings, wherein: 

Fig. 1 shows the structural formulae of the repeating units of a poly-3,4- 
25 alkylenedioxythiophene, with alkylene groups ethylene (I-l), 1,2-cyclohexylene (1-2), 
phenylethylene (1-3), propylethylene (1-4), methylene (1-5) and 1,3-propylene (1-6); 

Fig. 2 shows the structural formula of a polyanion salt of poly-3,4- 
ethylenedioxythiophene, with n,m>10; 
Fig..3schematically-shows-a-plan-view-of-a-field=effect transistor-containing 



30 conductive relief structures of the component according to the invention; 

Fig. 4 schematically shows a cross-sectional view of a field-effect transistor 
with two relief patterned conductive layers, in which the first layer comprises the source and 
the drain electrode and in which the second layer contains the gate electrode; 
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Fig. 5 schematically shows a plan view of field-effect transistor with 
interdigitated source and a drain electrodes. For reasons of clarity the substrate, the insulating 
layer and the semiconductor layer are omitted from the drawing. 



Embodiment 1 

The structural formula of the poly(styrene sulphonic acid) salt of poly-3,4- 
ethylenedioxythiophene is shown in figure 2. A composition of this salt4n-w,ater4s 



commercially available from Bayer. The concentration of PEDOT in this composition is 0.5 
10 weight per cent and that of polystyrene sulphonic acid is 0.8 weight per cent. To the 
composition, apparentiy a colloidal solution, 0.15 weight per cent of the initiator 4,4'- 
diazidobenzalactone-2,2'-disulphonic acid disodium salt was added. After filtration through a 
5 ^tm filter, the composition was spincoated on an isolating and planarized substrate. The layer 
obtained was dried-at-30-C for 5 ndnutes. The dried layer was exposed, via a mask to 
1 5 patterned radiation with^UY lighl;(A = 360'(nmi)»by-meansR©f a HgslainpsjThe layer was 
washed by spraying.with.watier?*In flus»washing4tihe>(uniijfadiate!d*are.as4,#!&^ layer-«were 
dissolvedv^^terdrying-,|the»av^rageJayer«tMckness»oftth^ 

areas had ft specific electric-e^nduQtivi^y of :lr S/cm»Each continuo)isjindissolved.^ea 
functions as a track, having liack*widthss©f'5; 8,40 or»«a|mi*Distancesibetww^^^ tracks 

20 were 8; 10 or 20 piom 
Embodiment 2 

3,4-Ethylenedioxythiophene, an Fe(III)-salt such as 
tris(toluenesulphonate)Fe(III) and a base such as imidazole were dissolved in butanol. The 
25 solution was put in an inkjet printer. A structure was printed according to a desired pattern on 
an electrically insulating surface. The obtained relief structure was first dried and subsequentiy 
heated to 110**e in order-to polymerize the ethylenedioxythiophene. It was then washed so as 
to remove the iron salts, the base and the not^poLymerized 3,4-ethylenedioxythiophene. The 

i^uMng elecM caUy. eonduetinga!eHefestnicture^cX)mprises»a^sa^^^ 

30 ethylenedioxythiophene and toluenesulphonic acid. The^track width»in the reUef structure 
is about 50 \un. 





Embodiment 3 

Fig. 3 schematically shows a plan view of a field-effect transistor 1 containing 
conductive relief structures of the component according to the invention. Fig. 4 schematically 
shows (not drawn to scale) the field-effect transistor 1 in a cross-sectional view taken on the 
5 line I-I in Fig.3. The field-effect transistor 1 comprises an electrically insulating substrate 2, on 
which is provided a first electrically conductive, relief structure 3 of a polymeric material. 

This relief structure 3 comprises a source electrode 34 and a drain electrode 35 with a track 

width tW, On the first relief structure a semiconductor layer 4 is provided, which layer 4 
comprises a channel 41 with channel length cL and channel width cW. Covering the layer 4 
10 and thus the channel 41 is an electrically insulating layer 5. It electrically insulates the gate 
^ electrode 64 from the channel 41, said gate electrode 64 being accommodated by the second 
electrically conductive relief structure 6. The transistor 1 is of the "top gate" type. 



Embodiment 4 

15 Fig, 5 schematically shows a plan view of field-effect transistor 11, which 

comprises a first relief structure 3 acconunodating an interdigitated pair of a source electrode 
31 and a drain electrode 32. For reasons of clarity the substrate, the insulating layer and the 
semiconductor layer are omitted from the drawing. The source electrode 31 is fork-shaped and 
comprises parallel tracks 311, 312, 313 and 314. The drain electrode 32 is fork-shaped and 

20 comprises tracks 321, 322, 323 and 324. In this example each of the electrodes 31, 32 

comprises four tracks with a track width tW, which is however neither necessary nor meant to 
be limiting. The source 31 and drain electrode 32 are separated by a channel 141 with a 
channel length cL. The transistor 1 1 further comprises a second relief stmcture comprising 
electrical conductors 61 1 and a gate electrode 61. The transistor 1 1 is of a '^bottom gate" type. 
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1. An electronic component comprising an electrically conductive relief structure 
(3) on a surface of an electrically insulating substrate (2), which structure comprises a salt of a 
poly(3,4-substituted thiophene) as electrically conductive material, 

characterized in that: 

5 - the relief structure (3) contains a salt of a poly-3,4-alkylenedioxythiophene, in which the 
alkylene group is chosen from the group consisting of an optionally Ci to C12- alkyl- or 
phenyl substituied mediyiene group, an optionaiiy Ci to Ci2-aakyi- or phenyl substituted 
1,2-ethylene group, a 1,3-propylene group and a 1 ,2-cyclohexylene group and 
- the relief structure (3) comprises at least one electrode (32). 

10 

2. An electronic component as claimed in Claim 1, 

characterized in that the relief structure (3) comprises neighboring tracks (341, 351) at a 
distance of less than 10 ixm. 

15 3. An electronic component as claimed in Claim 2, 

characterized in that neighboring tracks (341, 351) form a pair of a source and a drain 
electrode (34, 35), at least one of which being fork-shaped, the source and the drain electrode 
being interdigitated. 

20 4, An electronic component as claimed in Claim 1 or 2, 

characterized in that the component comprises, separated from the said relief structure (3) at 
least by an insulating layer (5), a second electrically conductive relief structure (6). 

5, An electronic component as claimed in Claim 4, 

25 characterized in that the second rehef structure (6) contains a salt of a poly-3,4- 

alkylenedioxythiophene, in which the alkylene group is chosen from the group consisting of 
an optionally Ci to C12- alkyl- or phenyl substituted methylene group, an optionally Ci to C12- 
alkyl- or phenyl substituted 1,2-ethylene group, a 1,3-propylene group and a 1,2- 
cyclohexylene group. 
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6. An electronic component as claimed in Claim 4, characterized in that the 

component comprises a field-effect transistor (1). 



7, An electronic component as claimed in Claim 1, 

5 characterized in that said salt of poly-3,4-alkylenedioxythiophene contains a polyacid anion as 
counterion. 

8^ An electronic component as claimed in Claim 1, 

characterized in that the component substantially consists of organic polymeric material. 

10 

9^ A method of manufacturing a relief structure (3) on a electrically insulating 

substrate (2), the relief structure (3) comprising an electrically conductive polymeric material, f 

which method comprises: 

- applying a radiation-sensitive composition on the substrate to form a layer, which 
15 composition contains a poly(3,4-substituted thiophene) and 

- irradiating said layer according to a desired pattern, thereby obtaining irradiated, cross- 
linked areas and^unirradiated^areas, 

characterized in that: 

- a radiation-sensitive composition is used-which contairis^a salt*of a poly-3,4- 

20 alkylenedioxythiophbne as electrically conductive poLymerie material, in which the 

alkylene group is chosen from the group consisting of an optionally Ci to Cn- alkyl- or 
phenyl substituted methylene group, an optionally Ci to C^-alkyl- or phenyl substituted 
1,2-ethylene group, a 1,3-propylene group and a 1,2-cyclohexylene group; ^ 
_ said salt of poly-3,4-alkylenedioxythiophene contains an anion of a polyacid as its anion 

25 and 

- the unirradiated areas are removed by washing to form the electrically conductive relief 
structure thereby. 

10. A method as claimed in Claim 9, 

30 characterized that the composition, prior-to being appUed^on the-substrate is filtrated through a 
filter having pores with a diameter of at most 5 \xm. 
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An electronic component has an electrically conductive relief structure (3), 
which contains a salt of a poly-3,4-alkylenedioxythiophene. This salt provides the structure 
with a stable conductivity. The salt is a polyacid salt by preference. In the method of 
manufacturing a relief structure on an electrically insulating substrate the polyacid salt of poly- 
5 3,4-alkylenedioxythiophene is used. Relief structures (3) comprising tracks (3 11-3 14, 321- 
324) and channels (141) with track widths (tW) and channel lengths (cL) of less than 10 
can be achieved. The tracks (311-3 14; 321-324) are used as electrodes (3 1 ;32), the channels 
(141) are used as semiconductor channels in electronic components, especially in field-effect 
transistors (11). 



Fig.5 
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